Abstract. N-myc downstream regulated gene 1 (NDRG1) has been well characterized as a suppressor of metastasis in numerous types of carcinoma. NDRG1 inhibits the metastatic progression of cancer cells via its inhibitory effects on a wide variety of cellular signaling pathways. Vasculogenic mimicry (VM) refers to the unique ability of aggressive tumor cells to mimic the pattern of embryonic vasculogenic networks, and is the main reason for the poor prognosis and failure of antivascular therapy in gastric carcinoma (GC). Tumor cells can mimic the function of endothelial cells to exhibit VM through epithelial-mesenchymal transition (EMT). However, the potential function of NDRG1 in metastatic GC progression in patients has not yet been fully elucidated. To date, data regarding the function of NDRG1 in VM formation in GC have not been reported. The aim of the present study was to elucidate these unknown areas. To this end, 228 samples of human GC were used to identify the protein expression levels of NDRG1, VM-associated proteins and EMT-associated proteins via immunohistochemistry, and their clinical significance was assessed. In addition, the data of 415 patients with GC were collected from The Cancer Genome Atlas database. A functional enrichment analysis concerning NDRG1 was performed using Metascape and the Gene Set Enrichment Analysis (GSEA). In conclusion, the results of the present study indicate that NDRG1 is negatively correlated with poor prognosis through suppression of VM formation in GC. The results of the present study demonstrated that NDRG1 decreases EMT-associated protein expression and that HER2 expression may serve a significant role in this process. The Metascape and GSEA results also indirectly support this conclusion. The present study discusses the status NDRG1 as a prognostic and selective biomarker in GC, as well as current and future NDRG1-targeted therapies.
Introduction
Gastric carcinoma (GC) is the fifth most common malignant tumor and the second most common cause of cancer-associated mortality worldwide (1) . Diagnosis and treatment methods for GC have improved each year, but the prognosis for patients remains poor. GC recurrence and metastasis remain the most prevalent causes of poor long-term survival (2) .
The growth and metastasis of tumors requires an adequate blood supply. However, antivascular therapies have failed to improve the survival time of patients with late-stage GC. Additionally, it has been hypothesized that anti-angiogenesis therapy may induce vasculogenic mimicry (VM) formation (3, 4) , a bloody supply pattern formed without the participation of endothelial cells. Therefore, VM may serve an important role in the development of GC, and may be the main cause of anti-angiogenic treatment failure.
VM was first described by Maniotis et al (5) . Currently, VM has been demonstrated in numerous types of malignant solid tumor (6) (7) (8) (9) . VM provides a blood supply to tumors at the early stages of tumorigenesis, as well as a pathway for tumor metastasis. Furthermore, preliminary research has demonstrated that patients with GC with VM have shorter survival times and higher rates of metastasis than patients with GC without VM (9) . N-myc downstream regulated gene 1 (NDRG1) serves an inhibitory role in the migration, invasion and metastasis of numerous different types of tumor by regulating epithelial-mesenchymal transition (EMT) or downregulating the erythroblastic leukemia viral oncogene homolog (ErbB) family of receptors (10, 11) . However, whether the inhibitory effect of NDRG1 involves EMT and human epidermal growth factor 2 (HER2) in GC has not yet been fully elucidated. Furthermore, EMT has been confirmed to serve a key role in VM formation in a previous, preliminary study (12) . At the same time, the NDRG1 protein inhibits angiogenesis in a number of solid tumors by inhibiting vascular endothelial (13) . However, to the best of our knowledge, no studies have reported the inhibition of angiogenesis by NDRG1 or the function of NDRG1 in VM formation in GC. The present study, therefore, investigated the role of NDRG1 in VM formation in patients with GC. The results of the present study may reveal a new functional role of NDRG1 in GC and may provide insights into the development of anti-angiogenic GC drugs.
NDRG1 suppresses vasculogenic mimicry and tumor aggressiveness in gastric carcinoma

Materials and methods
Patient samples. In total, 228 human GC tissue specimens were collected from patients who underwent surgical resection between January 2002 and December 2012 at the Tianjin Medical University Cancer Institute and Hospital (Tianjin, China). The age range of patients was 28-82 years. GC tumor tissue samples were collected from patients who had not received chemotherapy, radiotherapy or surgical treatment of prior to surgery. All GC specimens were formalin fixed and paraffin embedded. The histopathological diagnosis was confirmed by trained pathologists according to the World Health Organization histological classification of stomach tumors. Detailed pathological and clinical data, such as age, sex, tumor size, histological differentiation, pathological stage, Lauren type, and metastasis and recurrence, were collected for all samples. Ethical approval was obtained from the Ethics Committee of Tianjin Medical University (Tianjin, China). Written informed consent was obtained from each patient. The privacy rights of human subjects were maintained.
Immunohistochemical and histochemical double-staining methods. All GC tissues were fixed in 10% neutral formalin for 24 h at room temperature, and paraffin embedded. Specimens were sectioned into 4 µm sections. Sections were deparaffinized with xylene, rehydrated with a decreasing gradient of ethanol (100-80%), and endogenous peroxidase activity was blocked with 3% hydrogen peroxide in 100% methanol for 30 min at room temperature. The sections were rehydrated and washed with PBS and pretreated with 0.01 M citrate buffer (pH 6.0) or EDTA buffer (pH 9.0) for 15 min at 100˚C in a microwave oven. Following blocking of non-specific binding sites using normal goat serum (cat. no. ZLI-9022; OriGene Technologies, Inc.) for 30 min at room temperature, the sections were incubated overnight at 4˚C with rabbit polyclonal anti-NDRG1 (1:400; ab124689; Abcam), mouse monoclonal anti-cluster of differentiation (CD) 34 (1:550; Zm-0046; OriGene Technologies, Inc.), rabbit polyclonal anti-vascular endothelial (VE)-cadherin (1:400 dilution, ab33168, Abcam), mouse polyclonal anti-HER2 (1:200 dilution, ZA-0023, OriGene Technologies, Inc.), rabbit polyclonal anti-Snail (1:200; ab180714; Abcam), rabbit polyclonal anti-Twist1 (1:100; Sc-15393; Santa Cruz Biotechnology, Inc.), rabbit polyclonal anti-epithelial (E)-cadherin (1:100; Sc-7870; Santa Cruz Biotechnology, Inc.) and rabbit polyclonal anti-vimentin (1:100; ab92547; Abcam). The sections were then rinsed with PBS, and super-sensitivity S-P IHC secondary antibodies kit (cat. no PV6001, anti-Rabbit; cat. no. PV6002, anti-Mouse; OriGene Technologies, Inc.) was applied to the sections at room temperature for 1 h. The sections were stained with 3,3'-diaminobenzidine chromogen for 10-15 min at room temperature and washed with distilled water.
Following immunohistochemical staining for CD34, the sections were washed with distilled water for 5 min and incubated with periodic acid for 10 min and with Schiff reagent for 15 min. Finally, all sections were counterstained with hematoxylin at 37˚C for 2 min, dehydrated by increasing gradient of ethanol (80-100%) and mounted on coverslisps with Neutral gum (OriGene Technologies, Inc.).
Gastric mucosa membrane adjacent to the GC tissues was used as a positive control for PBS staining. PBS was used in place of the primary antibodies as a negative control. Normal tissue sections were used as a positive control according to the manufacturer's protocol for each antibody supplier. All sections were observed and analyzed under light microscope (magnification, x400) by two pathologists. The expression of each marker was assessed semi-quantitatively according to the number of cells that stained positive and the intensity of immunostaining in individual tumor cells (14) . For HER2, only immunoreactivity in the GC cell membrane was evaluated (15) .
Periodic acid-Schiff (PAS)-Alcian blue staining protocol.
Tissue sections were deparaffinized as aforementioned, washed with distilled water and then incubated for 10 min with Alcian blue buffer at room temperature. The sections were then washed with distilled water for 5 min, incubated with periodic acid for 10 min at room temperature and washed with distilled water again. Sections were incubated with Schiff reagent for 15 min at 37˚C. Finally, all sections were counterstained with hematoxylin in 37˚C for 2 min, dehydrated by increasing gradient of ethanol (80-100%) and mounted on coverslisps with Neutral gum. All GC sections were classified as intestinal type or diffuse type using the Alcian blue-periodic acid-Schiff method (16) .
VM channel quantification. The characteristics of VM were assessed according to whether: The wall of VM vessels was lined with GC cells; red cells could be observed in the VM tube; or the GC cells in the VM wall were CD34 -and PAS + based on CD34/PAS double staining (17) . VM channels in immunohistochemistry stained sections were counted under light microscope (magnification, x400). In total, 5 fields were randomly selected, and the average channel was defined as the number of VM vessels in one section.
Database and analysis. The data of 442 patients with GC were collected from The Cancer Genome Atlas (TCGA) (cancergenome.nih.gov). The overall gene expression in patients with GC was analyzed using weighted gene co-expression network analysis (WGCNA) (18) . A functional enrichment analysis of NDRG1 was performed using Metascape ((http://metascape. org/) and the Gene Set Enrichment Analysis (GSEA) (software. broadinstitute.org/gsea/login.jsp) on the data from 415 patients Table II . Association between NDRG1 or VM and the clinicopathological parameters with gastric carcinoma. Statistical analysis. The data were analyzed using SPSS (version 16.0; SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference. Two-tailed Student's test was used for comparison of 'VM count' in two independent groups. 'VM count' in different HER2 group was analyzed using ANOVA test followed by Student-Newman-Keuls post-hoc test. The association between two proteins expression or VM formation and the clinicopathologic parameters was analyzed using two-tailed χ 2 test. The correlation analysis was performed using Pearson's correlation or Spearman's correlation. Hazard and survival analysis were calculated using the Kaplan-Meier method, the log-rank method and multivariate Cox regression analysis.
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Results
Correlation between NDRG1, VM and clinicopathological factors.
To identify any correlations between NDRG1 and VM in patients with GC, a total of 228 GC specimens from the Tianjin Medical University Cancer Institute and Hospital were studied via immunohistochemistry and CD34/PAS double staining. Furthermore, NDRG1, VM and clinicopathological parameters were analyzed to identify any associations. The clinicopathological parameters of GC specimens are presented in Table I . In the GC specimens, tube cavities lined with PAS + , CD34
-GC cells and red blood cells within the cavities were confirmed as VM channels (Fig. 1A) . In total, 65 (28.51%) samples with VM were identified among the 228 GC specimens. Channels positive for PAS and CD34 were defined as endothelium-dependent blood vessels (EDVs) (Fig. 1A) . The clinicopathological data of patients with GC with NDRG1 or VM were compared with data of those without NDRG1 or VM formation (Table II) . Notably, the results from the present study demonstrated that NDRG1 expression and VM were correlated with tumor histological differentiation, Tumor-Node-Metastasis (TNM) stage (20) , Lauren type, lymph node metastasis, distant metastasis, recurrence and metastasis, and HER2 expression in GC (P<0.05; Table II) .
Among the GC specimens, 125 (54.82%) samples were positive for NDRG1 expression (Table II and Fig. 1A) . In NDRG1-positive cases, 26 patients were identified as VM-positive, and the VM formation rate was 20.80% (26/125). In the NDRG1-negative cases, 39 patients were identified as VM-positive, and the VM-positive rate was 37.86% (39/103). The overall correlation patterns of genes across GC samples within TCGA was analyzed using WGCNA (Fig. 1B) . The VM formation rates in NDRG1-negative and NDRG1-positive patients were significantly different (χ 2 =8.068; P=0.005; Fig. 1C and D and Table III ). The median value of the VM count in NDRG1-negative and NDRG1-positive samples was significantly different (Fig. 1E) . The formation rate of VM in NDRG1-negative patients was higher than that in NDRG1-positive patients. Furthermore, NDRG1 expression and VM quantification were negatively correlated based on Pearson's correlation (r=-0.141; P<0.05, Fig. 1F ). NDRG1 expression and VE-cadherin expression were negatively correlated based on Pearson's correlation (r=-0.131; P<0.05, Fig. 1G ).
HER2 expression was rated 0/1+ in 187 (83.77%) patients, 2+ in 26 (10.09%) patients and 3+ in 15 (6.14%) patients (Table II) . The expressions of HER2 are presented in Fig. 1H . In the HER2 0/1+ group, VM-positivity was identified in 45 cases (24.1%); in the HER2 2+ group, VM-positivity was identified in 12 cases (46.2%); and in the HER2 3+ group, VM-positivity was identified in 8 cases (53.3%). There were considerable differences among the HER2 0/1+, HER2 2+ and HER2 3+ groups (χ 2 =10.320; P=0.005, Table II ( Fig. 1J) . Furthermore, HER2 expression and VM quantification was positively correlated based on Spearman's correlation (r=0.153; P=0.021). Taken together, these results of the present study indicate that NDRG1 expression may weaken VM formation and that HER2 may promote VM formation.
Expression of NDRG1 is an indicator of good prognosis in patients with GC.
To evaluate the association between hazard ratio and survival rate, Kaplan-Meier and multivariate Cox regression analyses were performed. Using univariate Cox proportional hazards regression analysis, pathological variables with VM, HER2, tumor size, TNM stage, lymphatic metastasis, distant metastasis and metastasis and recurrence were all identified to be significant predictors of prognosis in patients with GC. When using the multivariate Cox analysis only, HER2 and metastasis and recurrence were significant independent risk factors in patients with GC, with hazard ratios of 1.365 and 4.186, respectively. NDRG1 was the most favorable factor in patients with GC with a hazard ratio of 0.66 (Table IV) . A univariate survival analysis was performed using a Kaplan-Meier survival analysis and the log-rank method. The correlations between VM, NDRG1 protein expression, HER2 expression and the survival rate of patients with GC following surgical procedures [rate of follow-up, 97.81% (223/228)] were investigated. Follow up was performed for all patients by clinic interview or phone call. By the end of the follow-up time in January 2014, 5 patients or their family could not be contacted and were therefore lost. Overall, 5 patients were lost during follow-up. The cumulative survival function in patients with GC is presented in Fig. 2A . Patients without VM had a significantly longer survival time compared with those with VM (log-rank test, χ 2 =8.413; P=0.004; Fig. 2B ). Patients with high NDRG1 expression levels had significantly longer survival time compared with those with low NDRG1 expression levels (log-rank test, χ 2 =5.925; P=0.015; Fig. 2C ). Patients with HER2
3+ expression levels had a significantly shorter survival time compared with those with HER2 2+ and HER2 0/1+ expression levels (log-rank test, χ 2 =14.656; P=0.001; Fig. 2D ). The results of the present study revealed that the overall survival time was significantly lower in patients with HER2 3+ and NDRG1-negative tumors compared with those with HER2 0/1+ and NDRG1-positive tumors (log-rank test, χ 2 =25.96; P<0.0001; Fig. 2E ). The overall survival time was significantly lower in patients with VM-positive and NDRG1-negative samples compared with those with VM-negative and NDRG1-positive samples (log rank test, χ 2 =14.058; P=0.001; Fig. 2F ). Therefore, the results from the present study indicate that NDRG1 has a negative association with the prognosis of patients with GC and HER2 has a positive association with the prognosis of patients with GC.
NDRG1 protein may weaken VM formation in patients with GC by decreasing EMT-associated markers and HER2 expression.
To further clarify the role of NDRG1 in the decrease in VM formation, the expression levels of VM-associated markers (VE-cadherin), EMT-associated markers (Twist1, Snail, E-cadherin and vimentin) and HER2 were detected via immunohistochemistry.
In the NDRG1-positive group, VE-cadherin expression was positive in 45.00% (36/80), Twist1 expression was positive in 44.79% (43/96), Snail expression was positive in 47.10% (65/138), E-cadherin expression was positive in 60.71% (85/140) and vimentin expression was positive in 44.12% (30/68) of cases. In the NDRG1-negative group, VE-cadherin expression was positive in 55% (44/80), Twist1 expression was positive in 55.21% (53/96), Snail expression was positive in 52.90% (73/138), E-cadherin expression was positive in 39.29% (55/140) and vimentin expression was positive in 55.88% (38/68) of cases. The expression of VE-cadherin and EMT-associated markers in the NDRG1-negative and NDRG1-positive groups was significantly different (Table III; Fig. 3B ). These results suggest that NDRG1 suppresses the expression of Twist1, Snail, VE-cadherin and vimentin, whereas NDRG1 enhances the expression of E-cadherin (P<0.05). In addition, the functional enrichment analysis of NDRG1 in 415 cases of GC from TCGA database was performed using Metascape and GSEA. All 442 cases of GC within TCGA database are presented in Table V .
Univariate analysis Mutlivariate analysis -------------------------------------------------------------------------------------------------------------------------------------------------
The Metascape analysis revealed that 242 genes exhibited significantly increased expression (P<0.05; Fig. 4A ), and 239 genes exhibited significantly decreased expression in the 211 samples with high NDRG1 expression (P<0.05; Fig. 4B ). The GSEA analysis indicated that 47 pathways were significantly upregulated (P<0.05; Fig. 4C ) and 46 pathways were significantly downregulated in the 211 samples with high NDRG1 expression (P<0.05; Fig. 4D ). P-values were automatically generated by the Cytoscape software.
Compared with the two groups with high and low NDRG1 expression, the differentially expressed genes were focused primarily on the pathways of development and differentiation of epithelial cells. The results of the present study indicate that NDRG1 serves an important role in maintaining the epithelial phenotype of GC, and VM occurs more easily in GC with low NDRG1 expression.
In addition, cor relations between NDRG1 and EMT-associated factors were investigated from two aspects. On the one hand, in cases of GC from TCGA database, the results indicated that NDRG1 and CDH1 (E-cadherin) were positively correlated in HER2-normal and HER2-amplified samples, and Figure 3 . IHC staining of VE-cadherin, EMT-associated markers (Twist1, Snail, E-cadherin and vimentin) and HER2 in GC samples. (A) IHC staining of VE-cadherin, Twist1, Snail, E-cadherin and vimentin in GC samples. The brown particles were present in the cytoplasm (VE-cadherin, Twist1, Snail and vimentin) or membrane (VE-cadherin, E-cadherin and HER2) or nucleus (Snail) of GC cells (black arrow). Scale bar, 20 µm. Magnification, x200. (B) IHC staining of VE-cadherin, Twist1, Snail, E-cadherin, Vimentin and HER2 expression in NDRG1-positive (left images) and NDRG1-negative (right images) samples. The positive rate of VE-cadherin, Twist1, Snail, vimentin and HER2 in NDRG1-positive were lower than that in NDRG1-negative. The positive rate of E-cadherin in NDRG1-positive were higher than that in NDRG1-negative. Scale bar, 10 µm. Magnification, x400. * P<0.05. IHC, immunohistochemistry; VE-cadherin, vascular endothelial-cadherin; E-cadherin, epithelial-cadherin; EMT, epithelial mesenchymal transition; HER2, human epidermal growth factor 2; GC, gastric carcinoma; NDRG1, N-myc downstream regulated gene 1.
that NDRG1 and vimentin, and NDRG1 and fibronectin 1 were negatively correlated in HER2-amplified samples at the RNA level ( Fig. 5A and B) . On the other hand, correlations among NDRG1 and EMT-associated markers were determined using Pearson's correlation in patients with GC. The results revealed that NDRG1 has a negative correlation with Twist1, Snail and vimentin (Fig. 5C, D and E, respectively) and a positive correlation with E-cadherin at the protein level (Fig. 5F ). These results suggest that NDRG1 may hinder EMT.
The results from IHC staining of VE-cadherin and EMT-associated factors (Twist1, Snail, E-cadherin and vimentin) in GC samples are presented in Fig. 3A . In the NDRG1-positive group, HER2 0/1+ expression was identified in 58.82% (110/187), HER2 2+ expression was identified in 34.62% (9/26) and HER2 3+ expression was identified in 40.00% (6/15) of cases. In the NDRG1-negative group, HER2 0/1+ expression was identified in 41.18% (77/187), HER2 2+ expression was identified in 65.38% (17/26) and HER2 3+ expression was identified in 60% (9/15) of cases. There were significant differences in expression among the HER2 0/+, HER2 2+ and HER2 3+ groups (χ 2 =6.826; P=0.032; Table II , Fig. 3B ). NDRG1 and HER2 expression was negatively correlated based on Spearman's correlation analysis (r=-0.149; P=0.025). At the same time, the analytical data from TCGA indicated that NDRG1 expression was higher in HER2-amplified samples compared with HER2-normal samples at the RNA level. The results of the present study suggest that NDRG1 may decrease the expression of HER2 (P<0.05); the molecular mechanisms underlying this process require validation in the future.
Overall, the results of the present study indicate that NDRG1 may weaken VM formation through EMT-and HER2-mediated mechanisms.
Discussion
GC is characterized by a high growth rate, high malignancy, and high rates of recurrence and metastasis (21, 22) . In the present study, the metastasis rate of 228 cases of GC was 46.05%. The 5-year survival rate of 228 patients with GC was 30.71%. It is critical to investigate the novel molecules and molecular mechanisms that are involved in the development of GC. It has been indicated that VM serves an important role in regulating the development of GC (4) . In the present study, 28.5% of patients with GC were VM-positive. Patients with VM had a significantly poorer prognosis than those patients without VM.
NDRG1 has been revealed to serve a key role in physiological conditions, such as cellular differentiation and the cell cycle, and pathophysiological conditions, such as cancer pathology. NDRG1 inhibits tumor progression in the majority of cancer types; however, the inhibitory effect of NDRG1 is tissue specific, and the effects between tissues may be completely different. For example, NDRG1 has been identified as a metastasis suppressor gene in colon and prostate cancer, but the opposite results were demonstrated in hepatocellular carcinoma and breast cancer (23, 24) .
Results of the present study indicated that NDRG1 possesses inhibitory effects within patients with GC, which is consistent with the results of a previous study (2) . Another study reported that NDRG1 promotes the metastasis of human scirrhous GC cells through EMT (25) . Therefore, the inhibitory effects of NDRG1 in GC require verification in future studies. Across the cohort of patients included in the present study, 54.8% of the patients with GC exhibited high NDRG1 protein expression. NDRG1 expression had a significant negative correlation with TNM stage, lymph node metastasis, distant metastasis, and recurrence and metastasis in GC. Furthermore, patients with high NDRG1 expression levels had a significantly lower VM-positive rate and longer survival. VM-positivity was present in 37.8% of GC cases negative for NDRG1 expression. The expression of NDRG1 had a negative correlation with VM formation. VE-cadherin has been identified as a key marker for indicating the presence of VM, and tumor cells lacking VE-cadherin are incapable of forming VM tubes (26) . The results from the present study revealed that the presence of NDRG1 resulted in decreased expression of VE-cadherin, and that NDRG1 was negatively correlated with VE-cadherin. Therefore, NDRG1-mediated suppression of tumor metastasis in GC may occur through decreased VM formation.
To further clarify the suppressive effects of NDRG1 on VM formation, the levels of EMT-associated factors (Twist1, Snail, E-cadherin and vimentin) and HER2 were assessed. EMT has been proposed as a key process in cancer progression, whereby epithelial cells acquire mesenchymal properties and exhibit decreased cell-matrix adhesion. Notably, tumor cells may gain dedifferentiated phenotypes to convert onto endothelial cells via EMT, as revealed in our previous study (6) . Twist1 and Snail are transcription factors that serve an important role in the EMT process, a process associated with cancer progression and VM formation (6, 27) . The results of present study and the previous study (6) , indicated that NDRG1 significantly enhanced the expression of the epithelial marker E-cadherin and decreased the expression of the mesenchymal marker vimentin in GC specimens. In addition, the results of the present study that were derived from Metascape and GSEA were consistent with the analysis of patients with GC. Furthermore, NDRG1 may decrease the expression of the transcription factors Twist1 and Snail in GC specimens. A similar conclusion was made by Lee et al (27) ; thus, NDRG1 may suppress VM formation and metastasis in GC by inhibiting EMT.
The HER2 protein is a member of the epidermal growth factor receptor family. It has been demonstrated that HER2 overexpression is associated with a poor prognosis in patients with GC (28) . In the present study, patients with GC with HER2 3+ expression had a worse prognosis compared with those with HER2 2+ and HER2 0/1+ expression, which is consistent with the results of a previous study (29) . Currently, HER2 is regarded as an important and promising target in the treatment of HER2-positive patients with GC (30, 31) . NDRG1 may downregulate the ErbB family of receptors to inhibit oncogenic signaling pathways in other types of tumor in humans (11) . Preliminary research has indicated that HER2 overexpression induces VM formation through upregulation of VE-cadherin in invasive breast carcinoma (32) . The results from the present study revealed that patients with GC with HER2 3+ expression had a higher VM formation rate compared with those with HER2 2+ and HER2 0/1+ expression. Furthermore, samples with higher expression of HER2 presented with a higher VM count, and NDRG1 decreased the HER2 expression levels. These results demonstrate that NDRG1 may suppress VM formation and metastasis in GC by decreasing HER2 expression.
It is reasonable to assume that NDRG1 may act as a protective agent against GC progression. The results of the present study indicate that NDRG1 may be a potentially important predictive biomarker of recurrence, metastasis and poor outcome for patients with GC, and may provide a basis for the development of targeted treatments for patients with GC. However, the results of the present study were limited in human specimens and, as such, further studies are required in order to confirm these conclusions using mechanistic experiments in vitro.
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